SUMMARY.
Russet is a disorder of apple (Malus ×domestica) fruit where the formation of cork cells leads to a cosmetic blemish which is commercially undesirable. One of the many causes of russet is low temperature damage early in fruit development. Following frost damage to fruit, a study was initiated to determine whether carbaryl chemical thinner was more effective in thinning russeted fruit than nonrusseted fruit. With no chemical thinner application, russeted fruit abscised at a greater rate than nonrusseted fruit. Following the application of carbaryl to the fruit however, there was no difference in the retention of fruit among the treatments. Chemically thinning with carbaryl therefore is not a technique that growers could use to preferentially thin russeted fruit. R usset is a physiological disorder of apples characterized by cork formation over the epidermis following an environmental stress, such as frost. This undesirable characteristic usually results in fruit being culled or downgraded and can lead to significant economic losses to the fruit grower.
Early research (cited by Faust and Shear, 1972) found that cracking of the cuticle was the earliest step in the etiology of russet. Both cultural practices and environmental conditions can cause or exacerbate development of the disorder. Various pesticide applications can lead to the formation of russet (Creasy and Swartz, 1981) and high humidity and frequent rainfall are often associated with severe russeting (Creasy, 1980) . Frost injury, particularly during bloom, frequently results in a band of russet around the equator of the fruit or patches of russet over the surface of the fruit (Simons, 1959) . When such a frost event occurs, the fruit grower is usually faced with either hand thinning to eliminate damaged fruitlets or extensive sorting after harvest, both of which are labor intensive and expensive. Since russeted areas of fruit have a reduced amount of cuticular wax deposition above the epidermal cells (Vries, 1968) , we hypothesized that this may allow increased absorption of chemical thinning materials, and thereby allow russeted fruit to be chemically thinned preferentially. This study was conducted to determine whether fruitlets russeted from frost damage were more responsive to chemical thinning applications than nonrusseted fruitlets, and therefore could be preferentially eliminated using a chemical thinning agent such as carbaryl.
Materials and methods
Studies were carried out on mature 'Empire' apple trees growing on Malling-Merton 111 (MM.111) rootstock near West Lafayette, Ind. Trees carried a light to moderate crop therefore no chemical thinners were applied to the orchard. A minimum temperature of 17 °F (-8 °C) was experienced for about 5 h duration just prior to bloom which resulted in a number of fruit exhibiting russet around the stem end of the fruit. Thirty days after full bloom, 50 russeted and 50 nonrusseted fruit were selected randomly down an orchard row and tagged. No attempt was made to select fruit from particular trees, and only spurs retaining a single fruit were selected. Twenty five fruit in each of these categories was treated with chemical thinner, while the other 25 received no treatment. Chemical thinner treatments consisted of two applications of Sevin XLR Plus (RhonePoulenc Ag Company, Research Triangle Park, N.C.) applied at a concentration of 1 qt/100 gal (1.0 mL·L -1 carbaryl) applied 30 and 47 d after full bloom directly to the fruit surface with a small brush. Direct application of carbaryl to young fruitlets has previously been shown to be highly effective in terms of thinning response (Knight, 1983; S.J. McArtney et al., unpublished data) . At the first application date, the fruitlet diameters were 0.5 to 0.7 inches (14 to 18 mm), as determined by measuring the diameter of 50 randomly selected fruit. 'Empire' fruit are considered easy to thin, and carbaryl is active in thinning fruitlets up to 1 inch (25 mm) in diameter (Schwallier, 1996) . Therefore the applications made in this experiment, both with regard to timing and rate, were within the range generally thought to cause thinning in this variety.
Tagged fruit were harvested during the commercial harvest period for this cultivar. Immediately following harvest, individual fruit were weighed, and the amount of russet on their surface estimated visually. The degree to which fruit were misshapen was estimated by placing the fruit, calyx end down, on a flat surface and measuring the deviation of the stem from a vertical orientation using a protractor. The number of seeds per fruit was counted and their fresh weight measured.
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RESEARCH REPORTS
Statistical analysis of fruitlet retention data were performed using analysis of variance using data transformed to the arcsin of the square root of the proportion fruit retained. Fruit characteristic analyses were performed using the GLM procedure of the Minitab statistical program (Minitab Inc., State College, Pa.).
Results and discussion
Fruit tagged as russeted at 30 d after bloom had about 10% of their surface area affected by russet at harvest (Table 1 ). This compares with only one fruit in those tagged as nonrusseted at 30 d after bloom affected by russet (5%) at harvest. Since the russet status of fruit did not appear to change over the course of the growing season, we can conclude that all russet was a result of events early in the growing season.
Fruit retention was significantly reduced by the chemical thinner carbaryl (P < 0.01, Fig. 1 ). Two applications of carbaryl reduced fruit retention from 100% in untreated, nonrusseted fruit compared to 75% in treated, nonrusseted fruitlets. In russeted fruitlets, the reduction caused by carbaryl was 11%, from 88% in non carbaryl treated fruit to 76% in fruitlets to which carbaryl was applied. After treatment with carbaryl, there was no difference in the proportion of fruit retained between russeted and nonrusseted fruit. The overall level of fruit thinning was mild compared with that commonly achieved commercially. This may have been due to the light crop load carried by these trees, or that most fruit on the tree, and all treated fruit, were borne singly on the spur. Carbaryl has been reported to be most effective at removing competing fruit within a spur (Way, 1967 ).
There was a trend for russeted fruit to abscise at a higher rate than nonrusseted fruit (P = 0.10). This provides some evidence that with no management intervention, the natural process of fruit drop would reduce the proportion of russeted fruit on the tree. According to Schwallier (1996) , no more than half the spurs should be allowed to set fruit, to avoid biennial bearing. The level of natural fruit drop in this study, even with russeted fruit, was insufficient to provide such levels of fruit thinning. With higher crop loads, more naturally thinning (June drop) would be expected but it would still seem unlikely that this alone would reduce crops to an adequate level. There was no significant interaction between carbaryl and russet, although the trend was for russeted fruit to be less responsive to thinner applications (P = 0.08, Fig. 1 ).
The application of carbaryl reduced fruit size, both in russeted and nonrusseted fruit (Table 1 ). This reduction did not appear to be due to crop load effects, since the trees were carrying a light crop load and also carbaryl did not dramatically reduce fruit retention. It seems possible that the application of carbaryl may have stimulated the activity of competing sinks such as bourse shoots (as proposed by Knight, 1983) or by directly inhibiting fruit growth, which has not previously been reported. Alternatively, carbaryl may have inhibited photosynthesis in younger leaves, which is consistent with the results of Knight (1983) where application of carbaryl to bourse shoots resulted in abscission but application to spur leaves did not. Russet had no effect on fruit size and there was no interaction between carbaryl and russet. Fruit in the russet treatments had about 10% of their surface affected by russet at harvest, compared with practically no russet visible on fruit classed as nonrusseted. Russeted fruit were also markedly more misshapen than nonrusseted fruit (Table 1) .
None of the treatments affected seed number per fruit or total seed fresh weight per fruit at harvest (Table 1) . There was a trend for russeted fruit to have smaller seeds (in terms of fresh weight per seed) but this was not significant (P = 0.057). There were significant positive relationships between fruit weight and number of seeds per fruit (r 2 = 0.16, P < 0.001), total seed fresh weight per fruit (r 2 = 0.22, P < 0.001) and the fresh weight per seed (r 2 = 0.15, P < 0.001), however these relationships in all cases were weak.
In conclusion, russeted fruit were more misshapen than nonrusseted fruit, but neither russet nor carbaryl affected seed number nor seed weight per fruit. Chemically thinning with carbaryl did not preferentially thin russeted fruit and is therefore not a tool of use to growers to help eliminate fruit damaged by russet.
